An alternative version of decomposition analysis, based on factor cost shares rather than input demand functions, is presented and applied to Greek agriculture. Decomposition analysis shows that most of the changes in factor cost shares during the period from 1973 to 1989 are attributed to technical change and factor substitution, while the role of the scale effect is small, except that of fertilizer. The decomposition analysis results are then used to analyze the implications of Greece's fertilizer and feed subsidy removal, which took place in 1990.
Decomposition analysis, developed within a duality framework and based on a cost function, is used to explain changes in factor use over time (Kako 1978 (Kako , 1980 Kuroda) . In this framework, variation in the optimal input mix over time is explained by three effects: total factor substitution, bias in the scale (output) effect, and bias in technical change. The use of decomposition analysis has also been extended by Kuroda to include relative input use. In both cases, its empirical application can be carried out by using the estimated parameters of a flexible cost function, which does not impose any a priori restrictions on the structure of the underlying production technology. Even though the above framework has been applied Giannis Karagiannis is a senior researcher with the Foundation of Economic and Industrial Research; Stelios Katranidis and Kostas Velentzasare assistantprofessors in the Departmentof Economics,Universityof Macedonia,Thessaloniki,Greece.
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only to Japanese agricultural data, it can also be inferred by using the results of other national (e.g., Ray; Baffqs and Vasavada; Glass and McKillop 1990; Andrikopoulos and Brox; Karagiannis and Furtan) , regional (e.g., Moschini; Glass and McKillop 1989) , or sectoral studies (e.g., Ball and Chambers; McLeanMeyinsse and Okunade; Merges and Yotopou10s) .
The importance of decomposition analysis in applied economics is characterized by its ability to deal satisfactorily with simultaneous changes in many exogenous variables. In the case of cost minimization, for example, the change in the derived demand of a particular input, induced by changes in some factor prices and/or output, can be asserted within decomposition analysis. Such information cannot be obtained by using just the corresponding elasticity figures since these are only partial measures of change. Actually, elasticities can appropriately measure changes in endogenous variables only in a ceteris paribus way, that is, by holding all other exogenous variables constant except that under consideration. More-over, no information can be obtained about changes in cost structure by using the elasticity measures. In many economic problems more than one variable can change simultaneously, and response analysis could be biased and inconsistent if it is solely based on elasticity estimates. On these grounds, decomposition analysis can be helpful for analyzing policy issues in factor and product markets within a broader framework than by using a simplified ceteris paribus analysis. To some extent, decomposition analysis can be thought of as a (duality) alternative to the Floydian model extended by Gardner.
The objective of this study is twofold. The first is to propose an alternative version of decomposition analysis based on equilibrium factor cost shares rather than input demand functions. The sources of factor cost share changes are identified and attributed separately to factor substitution, scale economies, and technical change. The second objective is to apply the above framework to Greek agriculture, in which the structural characteristics are different from those of other European countries. i Quantitative measures of these three sources of changes in factor cost shares are expected to provide valuable information for explaining agricultural development in Greece and lead to useful policy recommendations.
The remainder of this article is organized 1Greek agriculture is characterized by small average farm size, a strong orientation toward crop production, and a high proportion of the economically active population engaged in agriculture. In contrast, in most European Union (EU) countries, the agricultural sector is characterized by an enlarged livestock sector, relatively large farm size, and only a small proportion of the active population being employed in agriculture. Despite their small size, farms in Greece are often fragmented. In the last 20 years, the output mix has remained more or less unchanged, with crop production accounting for more than 70% of total agricultural production. Among the EU countries, Greece has the highest rate of active population employed in agriculture (approximately 25%), notwithstanding its steady decline in the 1980s. On the other hand, the indices of mechanization and fertilizer use are still low compared to other EU countries despite the fast growth rates experienced during the last two decades. The above characteristics of Greek agriculture are likely to have significant effects on the cost of production, output variability, and the demand for factors of production.
into five sections, In the first section, the conceptual framework for decomposing equilibrium factor cost shares is developed by using a dual cost function. Next, the empirical model and the estimation procedure are described. An analysis of decomposition of factor cost share in Greek agriculture is developed in the third section, followed by a presentation of the links between decomposition analysis and policy issues in the context of Greek agriculture. In the final section, concluding remarks are provided.
Decomposition Analysis of Factor Cost Shares
In this section, we present an alternative version of decomposition analysis based on equilibrium factor cost shares, rather than input demand functions. The main advantage of the proposed modification is that it provides information on distributional issues associated with changes in exogenous (price and output) variables as well as possible alternation of cost structure. In addition, the proposed alternative seems to be more suitable for flexible functional forms resulting in factor share rather than input demand functions, such as the translog, the Minflex-Laurent translog, the CES translog, the GL translog, and the generalized Cobb-Douglas. More importantly, it can be used along with the Kako (1978 Kako ( , 1980 and Kuroda framework in a complementary way, as it requires exactly the same set of data and estimated elasticities. In any case, it enriches the potential analytical ability of decomposition analysis since changes in optimal input use, in cost structure, and the related distributional effects can be asserted from the econometric estimation of a dual cost function.
Consider a representative farmer whose objective is to minimize the total cost of production of a single output, which is produced via 2The use of a cost instead of a profit function is mainly due to supply and acreage controls imposed on the production of sugarcane, tobacco, cotton, processing tomatoes, and olives, which restrict their output to predetermined levels. The production of these outputs accounts for 15-20% of the total agricultural product and uses 10-15% of cultivated land. where w is the exogenously determined input price vector. The cost function is nondecreasing, continuous, concave, and linear homogeneous in w, and convex and nondecreasing in Q as long as fix; t) is continuous, increasing, and concave in x. Using Shephard's lemma, the equilibrium factor cost share of the ith input is obtained as:
S,(Q, w; t) = Nn(c(Q, w; t))/~ln(w,).
Totally differentiating S,(Q, w; t) with respect to t yields equation (1):
Equation (1) may be written in terms of growth ratios as:
where G(Si) = dln(Si)/dt, G(Q) = din(Q)/dt, and G(~i) = dln(wz)/dt. Using the cost share in logarithmic form, i.e., In(Si) = In(wi) + ln(.xi) -In(c), and differentiating with respect to the price of the jth input and its own price gives:
respectively, where u,, refers to the Allen-Uzawa partial elasticity of substitution and ni refers to the derived demand elasticity. Substituting (3a) and (3b) into (2) yields:
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where Bi(Q, w; t)is the overall bias in technical change, defined as B,(Q, w; t)= dln(S,(Q, w; t))/EM (Binswanger 1974b; Antle and Capalbo).
The left-hand side of equations (4a) and (4b), G(S,), represents the observed percentage change of the ith input's factor cost share during a particular period of time. The main task is to decompose the magnitude of this change into three separate components due to changes in prices, output, and technology, respectively. Each of these components correspond to the total factor substitution, the bias in scale (output), and the technical change effect. In order to obtain quantitative measures of these effects separately, estimates of the (Hicksian) derived demand or the Allen-Uzawa partial elasticities of substitution are required.3 These are ob-
S,S,(0,, -1) = S,(nh -S,) and 3Following Blackorby and Russell's assertion, input demand elasticities are used in the empirical implementations because they provide more concrete and accurate information about input substitutability than the Allen-Uzawa partial elasticities of substitution.
tained through an econometric estimation of a dual cost function, which should ideally be as flexible as possible in order to allow for a quite general representation of production technology.
The first term on the right-hand side of (4) is the bias in scale (output) effect, which is identified with the nonhomotheticity of the underlying production technology. This term allows the cost shares to change over time in the absence of technical change or changes in factor prices. Bias in the scale effect vanishes if the cost function is weakly separable in output4 or, equivalently, if the production function is homothetic. Then, changes in output level or scale do not affect the factor cost shares, and thus tlln(S,)/din(Q) = O. Hence, the structure of production cannot be neglected in determining the bias in the scale effect. The second and third terms on the right-hand side of (4) measure the total substitution effect due to changes in factor prices for a given output level. The second term represents the cross-price effect, and the third term is the own-price effect. The functional form of the underlying production function plays a crucial role in measuring the total substitution effect. The last term corresponds to the technical change effect, and it is identified with the bias of technical change (in the Hicksian sense). The bias in technical change relates the impact of technical change on the average increase of a factor share relatively to the shares of the other factors of production, ceteris paribus. The technical change effect vanishes under Hicksneutral technical change. Hicks neutrality implies that Bi(Q, w; t) = O; that is, the factor cost shares do not change over time. Technical 4The cost function is weakly separable if c(Q, w; t) = h(Q; t) . g(w; t), where g(w; r) is the unit cost function with the same properties as c(Q, w; t), and h(Q; t) is continuous and differentiable in Q and t and decreasing in Q. In logarithmic form, ln(c(Q, w; t)) = ln(h(Q; t)) + ln(g(w; t)). Then, Nn(c)/dln(wi) = iiln(g(w; f))hv, = S,, and Nn(Sj)/din(Q) = O. The cost function is weakly separable in a given input partition if the production function is weakly separable in the same partition and weakly homothetically separable. The latter is a necessary but not a sufficient condition for the former (see also Chambers, p. 74), change is said to be relatively ith factor-using (saving) if B,(Q, w; t) > (<) O.
The above methodology can easily be extended to the decomposition of the ratio of any pair of factor cost shares. That is, the relative growth rate of any pair of factor cost shares may be analyzed rather than each individual factor cost share. The change over time in the growth rate of a ratio of factor cost shares is given by subtracting any two versions of equation (4) for i #j, i.e.:
(5a) (
where Bti(Q, w; t) is the pairwise bias in technical change, defined by Antle and Capalbo as BJQ, w; t) = Nn(S,(Q, w; t)yat -dln(Sj(Q, W; t))/L?t. Technical change with respect to a pair of inputs is defined to be Hicks-neutral if and only if BU(Q, w; t) = O. On the other hand, technical change is biased toward the ith factor-and therefore against the jth factor-if BU(Q, w; t) > 0, and vice versa.
The relative contribution of each of the above mentioned effects depends on both the stability of the exogenous variables and the magnitude of the corresponding elasticities. A relatively large effect could be associated with a corresponding large elasticity and significant changes in the related exogenous variables. If, for example, input prices have been stable over time, then the relative contribution of the total substitution effect would be near zero regardless of the magnitude of the relevant elasticities. On the other hand, inelastic demand responses depress the magnitude of the total substitution effect to small values regardless of input price changes over time. Similarly, the magnitude of the scale effect depends on both output variability and the value of dln(Si)/din(Q). Finally, the magnitude of the effect of technical change depends on the relative strength of the bias in technical change.
Empirical Model and Estimation Procedure
In the empirical modeling, the translog cost function (developed by Christensen, Jorgenson, and Lau 1971, 1973 ) is used. Even though the translog has been widely used in applied production economics, some limitations are still associated with it. First, the translog form cannot satisfy curvature conditions (concavity) globally, but only locally (Diewert and Wales 1987) .5 That is, the concavity of the translog cost function with respect to input prices should either be checked at each data point or be imposed.G Usually, though, this property is checked just at the point of approximation. Definitely, whenever curvature conditions are not satisfied globally, the discussion of the empirical results should be limited to these data points where this property holds. This necessarily narrows the applicability of the empirical findings.
Second, the translog functional form has an appealing Taylor series interpretation, and therefore elasticity estimates are unbiased only when all data lie in the region of convergence, i.e., at the positive orthant (Driscoll) . When-5 A functional form is locally curvature correct if it satisfies the appropriate curvature properties at a single point (the point of approximation for the translog), and is globally curvature correct if it satisfies the correct curvature condition at all data points (Diewert and Wales 1995) . Functional forms being globally curvative correct are preferred to locally curvative correct ones.
b There are, however, globally curvature correct functional forms such as the symmetric generalized McFadden (see, for example, Wales 1987, 1995; Rask) . ever explanatory variables have a distribution that is skewed to the right (e.g., prices and output in cost functions), a quadratic form such as the translog may be inappropriate. Nevertheless, functional forms that employ logged arguments have larger regions of convergence than those of quadratic and Leontief specifications, On the other hand, the economic performance of various flexible functional forms, based on empirical studies of comparison, has yielded mixed results (see, for example, Appelbaum;
Berndt and Khaled; Guilkey, Lovell, and Sickels; Chalfant; Despotakis; Diewert and Wales 1987; Baffes and Vasavada; Shumway and Lim). Moreover, given that economic theory provides no adequate information about the appropriate functional form for each study case, the choice made is somehow arbitrary based solely on the advantages and limitations of alternative functional forms.
The translo~cost function is given as: 1 The system of equations (6b) is estimated with an iterative seemingly unrelated regression (ITSUR) method, which adjusts for crossequation contemporaneous correlation. This procedure ensures that estimates are invariant to the excluded equation and that they also converge asymptotically to maximum likelihood estimates.7 In the presence of first-order autocorrelation and given that (6b) depicts a singular equation system, a procedure (introduced by Berndt and Savin) is used for ITSUR 7 The estimated parameters are not reported here, but are available from the authors upon request. At the point of approximation (1980), the predicted cost shares are all positive, implying that (6a) was found to be monotonic and nondecreasing in input prices. Concavity of (6a) is satisfied as the principal minors of the Hessian matrix alternate in sign. The system of equations (6b) has been estimated with symmetry and homogeneity as maintained properties. The other two properties (i.e., Hicksian neutrality and weak separability) are tested since they should not hold a priori, Their existence is significant, however, for the decomposition analysis results, In particular, if Hicks-neutral technical change prevails, the last term of (4) vanishes. On the other hand, homotheticity implies that the first term of (4) vanishes. estimations This procedure relies on the assumption that there is only one autocorrelation coefficient for the whole system. The data set used to estimate (6b) is discussed in the appendix.
Decomposition of Factor Cost Shares in Greek Agriculture
The empirical results of the decomposition analysis of factor cost shares in Greek agriculture are presented in table 2. The scale (output) and the total substitution effects are calculated using the estimated elasticities (see table 1) and equation (4). The relative contribution of the scale and the total substitution effect depends on the magnitude of the relevant elasticities and the magnitude of changes in exogenous variables, i.e., input prices and output. The technical change effect is measured by subtracting the output effect and the total substitution effect from the observed changes in the predicted factor cost share. During the period from 1973 to 1989, a significant change in the factor cost shares of land, labor, and capital occurred, while the corresponding change for the other inputs was relatively smaller. Technical change and factor substitution contributed most to changes in factor cost shares.g The role of the output (scale) effect was small except for fertilizer.10 Finally, the own-price effect was negative as expected for all factor cost shares. Results of our study show that the factor cost share of land decreased by an annual average rate of 3.370, mainly due to a land-saving technical change and total factor substitution. The cross-price effect moved in the opposite direction relative to the own-price effect, which was negative, and thus it favored the increase of land share in the total cost of production, The own-price effect, however, was strong enough to offset the cross-price effect and eventually to cause a decrease in the land cost share. In addition, the output effect was also negative and resulted in a decrease of the land cost share, ceteris paribus, though its contribution was relatively small (i.e., around 39to),
The share of labor in the total cost of pro9The hypothesisof Hicks-neutraltechnical change is rejected at the 5% level of significance.Based on the likelihood ratio test, the calculated value is found to be 115, whereas the tabulated value of X2 with six degrees of freedom is just 12.6. Consequently, the effect of technical change is statistically different than zero and is presented in the reported results of decomposition analysis.
[oThe hypothesis that factor cost shares are invariant to changes in output leveI is also rejected at the 5% level of significance. The calculated value of the likelihood ratio test is found to be 20.4, while the corresponding value of X2distribution with six degrees of freedom is 12.6. This hypothesis testing ensures the existence of the scale effect which is identified with nonhomotheticity of (6a). duction declined at an annual average rate of 3.5%. This change is largely explained by the total substitution effect and by the technical change effect. Moreover, both the own-and the cross-price effects resulted in a labor share decrease. According to the sign of the total substitution effect, a reduction in the labor share occurred, as its factor price became relatively more expensive than that of the other inputs, The scale effect also contributed to a labor share decrease, but at a lower rate.
In contrast, our findings show that the cost share of capital grew by an annual average rate of 7.290. The expanding use of capital inputs has been associated with the rapid modernization of agriculture during the period from 1973 to 1989. The main source of the growth of the capital cost share has been technical change. Even though the total substitution effect moved in the opposite direction, it was not enough to offset the positive contribution of technical change. It should be noted that the cross-price effect was in favor of a capital share increase, and this fact indicates that relative prices favored the more intensive use of capital. Finally, the contribution of the scale effect was low,
The cost share of feed showed an average annual increase of 1.670. The total substitution effect was positive and resulted in an increase of the share of feed, whereas the technical change effect was in the saving direction. In this case, the direction of the total factor substitution effect was determined by the crossprice effect, implying that relative prices have favored the use of feed. This is an evolution which can be attributed to the existence of a feed subsidy paid by the Greek government throughout the sample period. Moreover, there was no scale effect in this case.
In the case of the energy cost share, however, both the total substitution and the technical change effects moved in the same direction, while the scale effect did not favor the use of energy. The total substitution and the technical change effects equally shared the increase in energy factor cost share during the period under consideration. Moreover, relative prices favored energy use even though its price has significantly risen.
In the case of fertilizer, the situation is exactly the opposite. Its factor cost share remained unchanged from 1973 to 1989 (a slight decrease of 0.2% annually can be considered negligible). A strong scale effect, along with a fertilizer-using technical change, was not enough to offset the negative substitution effect. Also, the increase in the price of fertilizer offsets the positive contribution of the cross-price effect. This was mainly due to fertilizer price subsidization which artificially reduced its price.
Decomposition

Analysis and Policy Issues
In addition to the valuable information that can be obtained through decomposition analysis for agricultural development in Greece, the above results may also be used for analyzing the impact of agricultural policies on factor use and cost structure. In particular, the implications of removal of fertilizer and feed subsidies in 1990 are considered. This example is used to illustrate the fitness of decomposition analysis in cases where more than one exogenous variable changes simultaneously. This is a case that cannot satisfactorily be treated by elasticity measures. Using the above framework, changes in cost structure as well as in factor demands can be evaluated. For these purposes, equation (4) is used under various scenarios of changes in exogenous variables. 11The obtained results de-II obvi~~~ly, many other scenarios can also be analyzed with different rules of change among factor prices, output decreases, or even changes in the biases penal on the magnitude of estimated elasticities and on the hypothesized changes in factor prices and output. Until 1990, the Greek government had set a maximum price for fertilizer and feeds, both of which were lower than their equilibrium prices. Since the mechanism of floor price was used, the level of per unit subsidy was not known. Consequently, the increase of their prices during the 1990-9 1 crop year may not be fully attributable to subsidy removal, but may also be influenced by market forces. To analyze changes in the cost structure and their corresponding distributional effects, an increase of 10% is assumed for both feed and fertilizer price; the prices of other inputs are presumed to be constant. Two scenarios are developed with respect to output changes.
Initially, the case of no output changes is considered; that is, the impact of subsidy removal is analyzed under the scenario of a zero output increase during the 1990-9 1 crop year. It is also assumed that technical change is unaffected by this policy change, which appears to be a reasonable assumption, at least in the short run. Under these circumstances, it is predicted that the factor cost share of land will decrease by 0.7%, the share of labor by 4$7., and the share of energy by 3.8%. On the other hand, the factor cost shares of capital, feed, fertilizer, and other intermediate inputs will increase by 5.3Y0, 5.l$ZO,7.5!70, and 5.6T0, respectively. The decreases of the factor cost share of land and labor are due to technical change, while that of energy is due to its complementary relationship with both feed and fertilizer. The increase of feed share is attributed to price increases and its complementary relationship with fertilizer. For fertilizer, the increase is due to price changes, its complementary relationship with feed, and technical change. Finally, for capital, technical change is an important factor since its share is expected to decrease, at least partially, due to the complementary relationship with both feed of technical change. Such cases could be extremely valuable in evaluating potential impacts of policy changes or in forecasting changes in cost structure and input use.
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and fertilizer. The resulting distributional effects follow immediately.
In the case where a subsidies removal is accompanied by a 1% increase in agricultural output, the corresponding figures are -1.3%, -3.4Y0, 4.8?Z0,5.2Y0, -3.3?Z0, 8V0, and 59i0 for land, labor, capital, feed, energy, fertilizer, and other intermediate inputs, respectively. The insignificant differences between the results obtained under the two scenarios are expected since, as noted earlier, the contribution of the output effect was found to be relatively small. It is easy to show that for the set of estimated elasticities presented in table 1, there are percentage changes for the prices of fertilizer and feed which may result in no changes in the factor cost shares for some of the inputs considered. Also, a different set of percentage price changes may have opposite impacts on some factor cost shares. A simulation technique can be used to find these critical values of price changes and elasticities.
Summary and Conclusions
A modified version of decomposition analysis, based on factor cost shares instead of input demand functions, was applied to Greek agriculture. The decomposition analysis of the seven aggregate factors (land, labor, capital, feed, energy, fertilizer, and the other intermediate inputs) produced three major findings: (a) technical change and factor substitution mainly contributed to the change in factor cost shares; (b) the role of the output (scale) effect was small, except for fertilizer; and (c) the own-price effect, as expected, was negative for all factor cost shares.
From a policy point of view, policies dealing with technical change and factor prices are expected to have a great impact on input use. In particular, policies affecting adoption and diffusion rates of new technologies and R&D expenses seem to be more efficient for land, labor, capital, and other intermediate inputs use, while factor price policies (e.g., subsidies/ taxes for a more intensive/extensive use of a factor) seem to be more efficient for fertilizer use in Greek agriculture. This has actually been accomplished by an input subsidy program employed throughout the 1973-89 period under consideration. The program was supported by the Greek government and changed the movement of relative prices. However, it was not strong enough to induce a bias toward fertilizer-using technical change. The program's termination in 1990 had (as was shown) significant impacts on the annual use of fertilizer, given that fertilizer's derived demand is price elastic. On the other hand, policies associated with the scale effect (e.g., farm size, infrastructure, and irrigation) may have significant impact on fertilizer use only.
This study has shown that decomposition analysis is more accurate than elasticity analysis in considering policy issues, as it can take into account more information regarding output changes and biases in technical change, as well as simultaneous changes in all or some exogenous variables. Unfortunately, this potential use of decomposition analysis was not mentioned by either Kako (1978 Kako ( , 1980 or Kuroda as an alternative for dealing with policy issues. Future research may focus on multiproduct technologies and situations of temporary equilibrium.
